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THE  HULL-DCW1J  RECOGNITION  AND  RANGE  ESTIMATION  TRAINERS 


Summary 

Two  types  of  Hull-Down  Trainers,  to  be  used  in  con¬ 
nection  with  the  Ship  Recognition  Trainer*,  have  been 
developed  by,  and  are  now  in  use  at  the  Lookout  School, 

Medical  Research  Department,  U.S .Submarine  Base,  New  Lon¬ 
don,  Connecticut,,  These  are:  (l)  the  Step  Trainer,  (see 
Photographs  1,  2,  and  3),  and  (2)  the  Inclined  Plane  Trainer, 
(see  photographs  4  and  5), 

Sufficient  experience  in  tho  operation  of  both  devices 
has  now  been  obtained  to  give  an  indication  of  the  results 
that  can  be  expected  from  their  use.  It  is  felt  that  either 
device  provides  an  excollent  means  of  training  mon  in  two 
phases  of  lookout-recognition  work  that,  chiefly  due  to  tho 
lack  of  adequate  equipment,  had  previously  been  ignored  or 
minimized.  These  two  phases  of  training  are  (l)  instruction 
in  recognition  of  ships  as  they  would  appear  over  the  horizon* 
or  in  a  hull-dcwn  position,  and  (2)  a  method,  sufficiently 
easy  and  sufficiently  spoedy  to  bo  practical,  of  estimating 
tho  range  of  various  typos  of  ships  sighted  beyond,  on,  or 
inside  the  horizon. 

Through  the  use  of  oithor  typo  of  hull-down  trainer 
discussed  in  this  report,  adequate  instruction  in  both  the 
above  phases  of  lookout-recognition  training  can  bo  ac¬ 
complished.  Included  heroin  is  a  brief  history  of  tho 
development  of  each;  a  doscription  of  construction,  with 
photographs  and  blueprints,  to  aid  anyone  making  such  equip¬ 
ment;  and  a  doscription  of  tho  instruction  techniques  dovolopod 
for  thoir  uso. 


*  Previously  reported  to  BuMod  by  ltr,  NB7 /All/ S24-2 (MR) , 
Sorial  3309,  datod  3  Octobor  1945,  transmitting  first  intorval 
report  on  Rosearch  Project  X-271  (Av-159-c)  "Tho  Ship  Recog¬ 
nition  Trainor". 
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While  the  function  of  both  trainers  is  essentially  the 
sane,  they  differ  in  construction  details,  and,  to  a  lesser 
degree  in  the  methods  of  instruction  employed  with  each. 

They  will,  therefore,  bo  discussed  soparatoly  in  each  section 
of  this  report. 

On  tho  basis  of  the  favorable  experience  of  this  activity 
with  both  of  theso  hull-down  recognition  and  range-estimation 
devices,  it  is  thought  that  othor  activities  concerned  with 
lookout-recognition  training  might  bo  interested  in  using  similar 
oquipnent  in  their  program. 


I.  BACKGROUND  AND  HISTORY 


The  development  of  an  adequate  device  for  tho  toaching 
of  hull-down  recognition  came  as  an  obvious  step  in  tho  devel¬ 
opment  of  the  ship  recognition  program  as  a  wholo.  Tho  nood 
for  such  equipment  was  apparent,  especially  for  use  in  training 
submarino  lookouts,  Tho  averago  height  of  oyc  abovo  the  water 
for  a  submarino  lookout  is  only  twenty-fivo  foot.  This  moans 
that  his  horizon  is  a  little  loss  than  six  milos  away.  It  also 
means  that  most  surfaco  ship  targots  must  bo,  and  will  bo,  picked 
up  and  rccognizod  at  a  groatcr  distanco,  or  while  thoy  arc  hull- 
down.  This  same  factor  will  also  affoct  lookouts  on  othor  typos 
of  ships,  although  to  a  lessor  degree,  tho  higher  thoir  lookout 
position.  In  goncral,  however,  it  can  bo  concludod  that  hull- 
down  recognition  training  for  all  lookouts  is  most  dosirablo. 

It  v;as  early  notod,  howovor,  that  it  was  a  practical  im¬ 
possibility  to  prosont  ships  hull-down,  as  they  would  appear 
whon  boyond  the  horizon,  in  anything  liko  a  realistic  sotting 
with  tho  thon-availablc  oquipment.  Hull-down  recognition  could 
be  partially  achieved  by  masking  slides,  and  allowing  only 
the  dcsirod  amount  of  superstructure  to  appoar.  Tho  results 
were  still  not  roalistic. 

Modols  Boomed  to  offer  a  much  more  floxiblo  medium  with 
which  to  work.  At  tho  Lookout  School  it  was  found  that  fair¬ 
ly  good  results  could  be  achieved  with  models  displayed  on 
tho  Ship  Recognition  Trainer  stage,  by  placing  a  small,  flat 
board  immediately  in  front  of  tho  ship  model,  having  it  just 
high  enough  to  cut  off  tho  dcsirod  amount  of  tho  shipts  hull 
from  tho  viow  of  tho  class.  Yot  with  this  tochnique  ontiroly 
satisfactory  results  wore  difficult,  duo  to  tho  awkwardness 
of  handling  tho  various  numbers  of  small  boards  nocossary. 
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Tiic  idea  of  combining  a  number  of  small  boards  into  a 
graduated  stop  platform  suggested  itself,  and  led  to  the 
construction  of  the  Stop  Hull-Down  Trainer  now  in  use  at  tho 
Lookout  School,  With  this  device,  used  in  connection  with 
tho  Ship  Recognition  Trainor,  it  is  possible  to  present 
easily  and  realistically  ships  in  a  broad  rango  of  hull-down 
positions.  By  the  addition  of  a  specially  dosignod  platform 
(soo  photograph  3)  presentation  of  ships  at  any  desired  target 
angle  is  possible,  while  the  ship  is  still  in  a  hull-dovn 
position. 

The  Inclined  Plane  Trainor  (soo  photographs  4  and  5  and 
bluoprint)  was  developed  about  tho  same  time.  It  presents 
cortain  refinements  over  the  Stop  Trainer,  and  has  certain 
advantages  in  instruction.  Those  advantages  will  bo  discussed 
in  tho  section  of  this  report  which  deals  with  teaching  methods. 


II,  COKSTKOCTION 

1,  Tho  Stop  Trainer 

Tho  Stop  Trainor  (see  photographs  1,  and  2,  and 
3  for  details)  is  built  of  layers  of  wood  l/8”  thick.  Tho 
overall  dimensions  of  the  base  are  36”  long  by  10”  wide,  with 
seven  additional  iayors  built  on  top,  the  front  edges  flush 
with  tho  front  edge  of  the  base  and  tho  roar  edges  stopped 
down.  Each  stop  is  l-l/4"  wide.  The  entire  board  is  painted 
a  drak  blue,  to  match  the  shade  of  tho  Ship  Recognition  Trainor 
stage  on  which  it  is  designed  to  be  used. 

Obviously,  with  each  stop  only  l-l/4"  wido,  standard 
U,S,Navy  miniature  chip  models  can  be  presented  only  in  broad- 
sido  views.  To  make  target  angle  viov/a  possible,  however,  a 
special  platform  device  has  boon  designed  for  use  with  tho 
Step  Trainer.  Tho  baso  of  this  piece  of  equipment  is  9"  by  9*1, 
It  is  built  up  in  four  layers,  similar  to  tho  Stop  Trainer. 

In  uso,  the  platform  is  inverted  to  fit  against  and  into  tho 
steps  of  tho  Stop  Trainor  at  tho  lovcl  dosired,  thus  providing 
a  broad  base  upon  which  tho  model  being  displayed  can  bo  swung 
through  any  target  angle.  It  is  dosirablc  to  marie  off  a  number 
of  linos  on  tho  platform  to  represent  headings  so  that  any  pre¬ 
determined  target  angle  can  be  exactly  duplicated  later. 


2,  The  Inclined  Plano  Trainer 


The  Inclinod  Plane  Trainor  is  somowhat  moro  com¬ 
plicated;  hence  a  blueprint  showing  details  of  construction 
is  included  with  this  roport.  Paint  used  is  tho  same  shade 
of  dark  blue  as  indicated  abovo,  to  match  the  stage  of  the 
Ship  Recognition  Trainer, 


III,  METHOD  OF  INSTRUCTION  --  RECOGNITION  TRAINING 
1.  The  Step  Trainer 


In  use,  tho  Stop  Trainer  is  placod  on  the  Ship 
Recognition  stage,  with  the  step  side  away  from  the  class. 

Ship  modols  placed  on  tho  top  stop  will  obviously  appear 
as  on  the  horizon,  moving  them  to  lower  stops  will  oxposo 
progressively  loss  of  the  superstructure.  Tho  trainer  may 
be  usod  during  oach  of  tho  throo  phases  of  ship  recognition 
training,  — tho  presentation,  the  review,  and  tho  examination. 

In  presentations,  it  is  suggested  that  after  a 
ship  has  boon  discussed  in  considerable  detail  while  on  the 
horizon  and  shown  at  various  target  angles  and  under  various 
illumination  intensities,  it  be  placed  on  the  Step  Trainer, 
and  its  hull-down  appoaranco  pointod  out  to  the  class.  With 
the  1320:1  or  1200:1  scale  models,  destroyers  should  be  shown 
on  the  aocond  and  third  stops,  with  battloships  movod  as  low 
as  the  fifth,  sixth,  or  seventh  stcp3. 

In  reviews,  hull-down  recognition  really  comes 
into  its  own.  This  is  one  of  the  most  cffcctivo  ways  to 
increase  tho  difficulty  and  intorost  of  tho  recognition 
sossions,  and  yet  to  preserve  the  realism  that  is  so  osscntial. 
Students  readily  approcio-to  the  importance  of  hull-down  recog¬ 
nition.  With  the  Step  Trainer  sessions  can  be  mado  progress¬ 
ively  harder,  until  a  surprising  dogroo  of  proficiency  can  be 
attained  in  a  class.  Hull-down  recognition,  with  decreased 
illumination,  is  another  profitable  review  technique  during 
later  stages  of  training. 

Tho  Step  Trainor  can  be  used  effectively  in  examin¬ 
ations,  Working  from  a  master  test  sheet,  each  model  can  be 
presented  to  different  classos  on  tho  same  step  and  at  the 
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same  target  angle*  This  makes  for  consistency  of  examination 
material.  It  is  suggested  that  in  examinations  destroyers  bo 
placed  no  lower  than  the  third  step,  with  battleships,  in  some 
exposures,  being  placed  as  low  as  the  fifth  or  sixth  steps. 

Use  can  be  made  of  the  screening  board  to  tako  advantage  of 
the  brief  exposure. 

2.  The  Inclined  Plano  Trainer 


Much  the  same  use  is  mado  of  the  Inclined  Plane 
Trainer  in  hull-down  recognition  instruction  as  is  made  of 
the  Step  Trainer.  Tho  former,  however,  has  refinements  ydiich 
make  it  preferable  in  certain  aspects  of  training.  This  is  partic¬ 
ularly  true  of  its  use  during  ship  presentations.  With  this 
type  of  dcvico,  the  ship  can  be  placed  on  the  horizon,  and  then, 
by  manipulating  tho  strings,  be  mado  to  appear  to  bo  going  down 
over  tho  horizon  until  it  completely  disappears  from  sight.  It 
can  then  bo  brought  slowly  back  to  tho  horizon.  This  enables  the 
class  to  got  an  cxcollcnt  idea  of  the  appoarancc  of  the  ship  at 
all  distances  beyond  the  horizon.  The  fact  that  the  ship  appoars 
to  be  in  motion  is  a  distinct  advantage  in  promoting  interest. 

In  reviews  ships  can  be  placed  on  the  platform  while 
still  below  the  horizon,  and  slowly  brought  up  into  view.  Kcon 
competition  can  be  developed  among  students  as  to  who  is  able 
to  correctly  idontify  the  ship  first,  as  moro  and  more  detail 
becomes  visible.  This  is  an  excellent  motivating  technique 
for  later  stagos  of  training. 

The  Inclined  Plano  Trainer  is  used  in  examinations 
much  tho  same  as  is  the  Step  Trainer.  Marks  on  the  inclined 
plane,  to  bo  used  as  settings,  make  it  possible  to  duplicate 
examinations,  making  sure  that  no  variation  is  present  from 
time  to  time. 

In  conclusion,  each  dovicc  has  certain  advantages 
in  hull -down  recognition  training.  It  is  difficult  to  say 
which  is  preferable.  Since  both  aro  easily  and  cheaply  made, 
it  is  suggested  that  activities  contemplating  the  use  of 
this  equipment  provide  themselves  with  each  type. 
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IV.  METHOD  OF  INSTRUCTION  —  RANGE  ESTIMATION 


Estimation  of  tho  range  of  sighted  vessels ,  using  either 
type  of  hull-down  trainer  discussed  above,  is  a  lookout  skill 
that  receives  considerable  stress  at  the  Lookout  School,  at 
the  U.S. Submarine  Baso,  Now  London,  Connecticut.  A  relatively 
simple  formal  j  G  C,  S  ily  grasped  by  all  enlisted  personnel, 
permits  sufficiently  accurato  estimation  of  ranges  of  such 
targets.  This  formula,  (derived  from  Borrditch)  depends  upon 
the  earth’s  curvature,  height  of  eye  of  the  obsorvor  above 
water  lcvol,  and  height  of  that  point  at  which  the  horizon 
cuts  across  the  superstructure  of  the  sighted  ship.  The  range 
estimation  technique  works  as  follows:  students  aro  instructed 
to  take  the  square  root  of  their  height  of  eye  in  foot  (with 
submarine  lookouts  tho  height  of  eye  is  approximately  25  foot, 
and  would  vary  from  lookout  position  to  lookout  position  on 
other  ships),  multiplied  by  the  constant  1.15,  with  tho  answer 
giving  the  distanco  of  tiro  obsorvor  from  tho  hori2.on,  in  miles. 
The  approximate  height  at  which  the  horizon  cuts  the  super¬ 
structure  of  the  target  ship  is  similo.rly  used  as  the  basis  for 
the  computation  of  the  distance  of  the  target  ship  from  the 
horizon.  If  the  sighted  ship  is  beyond  the  horizon,  the  sum 
of  these  two  distances  will  give  the  total  distance  of  target 
in  miles.  When  tho  sighted  ship  is  inside  the  horizon,  howover, 
the  results  must  obviously  be  substracted,  not  added. 

To  help  students  in  range  estimation  sossions,  a  brief 
table  of  average  superstructure  heights  of  the  principal  types 
of  U.S.  combat  ships  has  been  prepared.  This  is  memorizod 
by  tho  students  diming  the  first  session,  and  is  used  in  later 
drills.  This  table  is  reproduced  here: 


Mast 

Tower 

Stack 

Bridge 

FI i. dock 

Bow- 

Stern 

BB 

156 

133 

100 

64 

36 

25 

CR 

121 

Dirac  ter 

81 

64 

30 

25 

DD 

90 

56 

49 

43 

21 

S 

Largo 

Carriers 

156 

133 

110 

64 

42 

25 

Small 

Carriers 

100 

64 

73 

49 

36 

21 
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Drills  in  rartge  estimation  aro  cottddctad  much  as  arc 
recognition  roview  periods*  With  modolfl  feeing  exposed  serially 
t>-  the  Class  in  Varying  hull-dorm  positions  and  at  various 
target  anglosi  Students  write  down  the  estimated  range,  with 
the  instructor  giving  the  Correct  range  after  each  exposure* 

All  types  of  ships,  — BB^Sj  CV*s,  CA*s,  CL*s,  and  DD’s,  arc 
shoWn  during  the  drill* 

Both  the  Step  Trainer  and  the  Inclined  Plane  Trainer 
arc  claibratod  to  facilitate  instruction.  Reference  to  the 
range  scale  on  each  trainer  gives  the  instructor  an  easy  check 
on  the  exact  range.  Calibrations  arc  based  on  the  use  of  the 
1200:1  scale  models,  read  to  the  closest  half-mile,  and  a.rc 
given  on  the  basis  of  the  range  of  the  target  ship  from  its 
horizon.  This  last  factor  nccossitatos  taking  into  account 
the  height  of  eye  of  the  observer  in  the  final  ca.lcula.tion. 

In  prentice,  students  a.rc  given  differont  hoights  f  eye,  o.nd 
are  thus  trained  to  ostima.to  range  from  any  lookout  position. 

With  the  Step  Tra.iner  calibration  marks  arc  written  on 
each  stop.  A  1200:1  sca.lc  model  on  the  first  step  below  the 
horizon  would  be  3-l/2  miles  from  the  horizon;  second  step  = 

6  miles;  third  »  7  miles;  fourth  =  8  miles;  fifth  *  9  miles; 
sixth  »  10  miles;  seventh  *  11  miles;  and  eighth**  11,5  miles. 

The  Inclined  Plano  Trainer  is  calibrated  by  a  series  of 
marks  along  the  far  edge  of  the  incline,  gauged  to  show  the 
ship’s  distance  from  its  horizon  in  miles.  The  correct  reading 
is  obtained  by  lining  the  upper  edge  of  the  disple.y  platform 
up  on  the  dosired  range  mark.  This  calibra.tion  can  ca.sily 
be  ma.rkcd  off  by  using  the  scale  of  one  inch  below  the  horizon 
equaling  100  feet  of  superstructure  height  on  a.  sighted  vessel. 
Thus,  when  the  top  of  the  display  paltfora  is  one  inch  below 
the  horizon,  a  ship  modol  (1200:1  scale)  hull-dovm  vfould  appear 
to  be  11.5  miles  from  the  horizon. 


V.  CONCLUSION 


Experience  a.t  this  a.ctivity  with  both  typos  of  hull-dorm 
trainers,  using  them  in  hull-dovm  recognition  training  and  in 
range  estimation,  has  been  entirely  satisfactory.  They  have 
become  an  integral  pant  of  the  lookout-recognition  tra.ining 
program. 
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